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&276 SRZHU GHYLFHV DURXVH WKH LQWHUHVW RI
($'6 (XURSHDQ $HURQDXWLF 'HIHQVH DQG 6SDFH
&RPSDQ\ JURXS EHFDXVH WKH\ FRXOG SURYLGH
VHYHUDO GHYHORSPHQWV RI DVVHPEO\ WHFKQRORJLHV LQ
WHUPVRIGLYHUVLILFDWLRQ6RPHRIWKHVHWHFKQRORJLHV
FRXOG PDWFK WKH UHTXLUHPHQWV RI KLJK UHOLDELOLW\
V\VWHPVVXFKDVDLUSODQHVKHOLFRSWHUVDQGVDWHOOLWHV
7KHUHIRUH WKH UHOLDELOLW\ DVVHVVPHQW RI &276
SRZHUGHYLFHVLVUHTXLUHG
7KH VWXG\ SUHVHQWHG KHUH LV RQH WKH ILUVW
VWHSV WR DVVHVV WKH UHOLDELOLW\ RI &276 SRZHU
GHYLFHV LQ KDUVK HQYLURQPHQWV IRU ORQJ OLIH WLPH
DSSOLFDWLRQV 7KLV DOORZV VHOHFWLQJ SURPLVLQJ
DVVHPEO\ WHFKQRORJLHV IRU WKHSRZHUHTXLSPHQWRI
DHURVSDFHDSSOLFDWLRQV7KLVSDSHUZLOOSUHVHQW
 6RPH FRQVWUXFWLRQ DQDO\VHV IRU WKH
GHWHUPLQDWLRQ RI WKH DVVHPEO\ WHFKQRORJLHV
RI&276SRZHUGHYLFHV
 $ GLVFXVVLRQ DERXW WKH PDWHULDOV XVHG LQ
&276SRZHUGHYLFHV
 $ V\QWKHVLV RI WKH SRWHQWLDO IDLOXUH ULVN
DQDO\VLVXQGHUKDUVKHQYLURQPHQWV
 $QG D GHWHUPLQDWLRQ RI VHYHUDO DFFHOHUDWHG




2 Construction analyses 

6RPH &276 FRPSRQHQWV LQWHJUDWLQJ D 6L&
GLHKDYHEHHQVHOHFWHGIRUWKHLUPDLQHOHFWULFDODQG
WKHUPDO FKDUDFWHULVWLFV DPRQJ PDLQ SDFNDJLQJ
DVVHPEOHUV RI SRZHU GHYLFHV 7KHVH PDLQ
FKDUDFWHULVWLFV PDWFK WKH UHTXLUHPHQWV RI WKH
DHURVSDFH V\VWHPV7KH VWXGLHG&276GHYLFHV DUH
SUHVHQWHGLQWKHWDEOH
7KHVH&276FRPSRQHQWVDQGPRGXOHVZHUH
VXEMHFW WR FRQVWUXFWLRQ DQDO\VHV ZKLFK DOORZHG
GHWHUPLQLQJWKHXVHGDVVHPEO\WHFKQRORJLHV7KHVH
FRQVWUXFWLRQDQDO\VHVDUHGLYLGHGLQWZRFODVVHVWKH
1RQ'HVWUXFWLYH $QDO\VLV 1'$ DQG WKH
'HVWUXFWLYH 3K\VLFDO $QDO\VLV '3$ 7KH 1'$
WHFKQLTXHVXVHGZHUH;UD\DQDO\VHVDQG6FDQQLQJ
$FRXVWLF 0LFURVFRS\ 6$0 $V IRU '3$
WHFKQLTXHV WKH PLFURVHFWLRQ PHWKRG LV EHLQJ
DGDSWHG WR WKH SRZHU GHYLFHV LQWHJUDWLQJ 6L&






ILJXUH  GLH VROGHUHG RQ D EDVHSODWH ZLUH
ERQGV EHWZHHQ GLH DQG SLQV DQG D PROGLQJ
FRPSRXQG

Part number Packaging assembler Type of component Die material Number of die Type of package
 $ 6FKRWWN\GLRGH 6L&  72
 $ 6FKRWWN\GLRGH 6L&  72
 % 026)(7WUDQVLVWRU 6L&  72
 % 026)(7WUDQVLVWRU 6L&  72
 % 6FKRWWN\GLRGH 6L&  72
 % 6FKRWWN\GLRGH 6L&  72
 & 6FKRWWN\GLRGH 6L&  72






























 $OZLUH $O 7L1L$J 3E6Q$J    
 $OZLUH $O 7L1L$J 3E6Q$J    
 $OZLUH $O 7L1L&X 3E6Q$J    9RLGVLQVROGHU






)RU '$ WKH XVHG DQDO\VLV WHFKQLTXHV ZHUH
RSWLFDO PLFURVFRS\ DQG 6FDQQLQJ (OHFWURQLF
0LFURVFRS\6(0FRXSOHGZLWK(QHUJ\'LVSHUVLYH
;5D\ ('; RQ PLFURVHFWLRQV &RQVHTXHQWO\
VRPH PDWHULDOV ZHUH LGHQWLILHG DQG WKH\ DUH
VXPPDUL]HGLQWKHWDEOH6HYHUDOPDLQIHDWXUHVRI
WKH PDWHULDOV VXFK DV LQWHUPHWDOOLF FRPSRXQGV
FUHDWHG GXULQJ WKH VROGHULQJ SURFHVV DUH DOVR
LQGLFDWHGLQWKHWDEOH

2.1 Non-destructive analyses (NDA) 

;UD\ DQDO\VHV KLJKOLJKWHG WKH YRLGV LQ
VROGHU DV LOOXVWUDWHG LQ ILJXUH  7KHVH NLQGV RI
REVHUYDWLRQV KDYH QRW EHHQ DFKLHYHG IRU DOO SDUWV




7KH 6$0 DQDO\VHV ZHUH SHUIRUPHG LQ






:LWK 6$0 DQDO\VHV WKH TXDOLW\ RI WKH
LQWHUIDFHV VXFKDVGHODPLQDWLRQ URXJKQHVVDQG WKH
SUHVHQFHRIYRLGVLVLQYHVWLJDWHG
7KH ILUVW 6$0 DQDO\VHV KDYH EHHQ
SHUIRUPHG IURP WKH VXUIDFH RI WKH PROGLQJ
FRPSRXQG WR WKH EDVHSODWH WRS YLHZ 7KH WKLFN
PROGLQJ FRPSRXQG UHVLQ DQG ILOOHUV UHTXLUHV DQ
XOWUDVRXQG IUHTXHQF\ ZKLFK DOORZV D KLJK
XOWUDVRXQG SHQHWUDWLRQ ZLWK D JRRG VSDWLDO
UHVROXWLRQ :LWK WKLV PHWKRG WKH DQDO\VHV RI WKH
LQWHUIDFHV PROGLQJ FRPSRXQGRWKHU HOHPHQW ZHUH
DFKLHYHG ILJXUH  EXW QR LQIRUPDWLRQ DERXW WKH
LQWHUIDFHV GLHVROGHU VROGHUEDVHSODWH DQG YRLGV
9RLGV

SUHVHQFHV KDV EHHQ H[WUDFWHG 7KLV LV GXH WR WKH
XOWUDVRXQGVFDWWHUHGE\WKHPROGLQJFRPSRXQG7KH





7KHUHIRUH VHYHUDO DQDO\VHV ZHUH SHUIRUPHG
IURP WKH EDVHSODWH VLGH WR WKH PROGLQJ FRPSRXQG
VLGH ERWWRP YLHZ7KH SUHVHQFH RI VHYHUDO YRLGV
ZDVREVHUYHGLQWKHVROGHUILJXUH






















SURFHVV RI HOHFWURQLF FRPSRQHQW XVH RI SROLVKLQJ
SDSHUVZLWK6L&JUDLQV,WZDVREVHUYHGWKDWWKHGLH
EXON DQG HGJHVZHUH JUHDWO\ GDPDJHG IRU DOO SDUWV
ILJXUH  D 7KLV UHVXOW ZDV GXH WR WKH VDPH RU
YHU\ FORVH KDUGQHVV EHWZHHQ WKH XVHG SROLVKLQJ
SDSHUDQGWKHGLHPDWHULDO
6HYHUDO WHVWV RI SROLVKLQJ XVLQJ GLDPRQG
GLVFV KDYH EHHQ FDUULHG RXW (IIHFWLYHO\ WKH
KDUGQHVV RI GLDPRQG LV KLJKHU WKDQ 6L&
VHPLFRQGXFWRU7KLVSROLVKLQJPHWKRGVHHPV WREH
SURPLVLQJ ILJXUH  E ,W DOORZV GHFUHDVLQJ WKH
GDPDJH RI WKH GLH EXON DQG HGJHV 7KHVH
LPSURYHPHQWV DUH YHU\ LPSRUWDQW EHFDXVH WKH GLH
IUDJPHQWV GDPDJH WKH LQWHUIDFHV DQG EXON RI
PDWHULDOV VWDFN DQG VRPHWLPHV VWD\ LQVHUW LQ WKH
GXFWLOH PDWHULDOV 0RUHRYHU WKLV PHWKRG DOORZV








7KH FRPSRVLWLRQ DQDO\VHV RI WKH PDWHULDOV
KDYH EHHQ SHUIRUPHG E\ (QHUJ\ 'LVSHUVLYH ;UD\




















3 Discussion on the materials used 

7KHWDEOHSUHVHQWVWKH&7(&RHIILFLHQWRI
7KHUPDO ([SDQVLRQ PLVPDWFK EHWZHHQ WKH
GLIIHUHQW PDWHULDOV LQFOXGHG LQ WKH PDWHULDOV RI
&276 FRPSRQHQWV $OO WKH VWXGLHG &276
FRPSRQHQWVKDGDQ$OWRSGLHPHWDOOL]DWLRQDQG$O
ZLUH ERQGLQJ DQG D FRSSHU EDVHSODWHZKDWHYHU WKH
RWKHUHOHPHQWV7KHUHIRUHWKH&7(FRPSDWLELOLW\RI
WKHPDWHULDORQO\GHSHQGVRQWKHNLQGRIWKHGLHDQG
WKH VROGHU ,Q WKH WDEOH  WKH GDWD RI WKH GLH
PHWDOOL]DWLRQ PDWHULDO LV JLYHQ IRU D EXON PDWHULDO
EHFDXVH WKH &7( RI WKLQ ILOPV GHSHQGV RQ WKHLU
WKLFNQHVV>@

Element Material CTE (ppm.K-1)
Interconnection $O 
















3.1 Die material 

7KH ERWWRP GLH PHWDOOL]DWLRQ LV D FRXSOHG
V\VWHP RI WKUHH FRDWLQJV 7L1L&X RU 7L1L$J
IROORZLQJ WKH VWXGLHG SDUWV (DFK FRDWLQJ KDV LWV
RZQIXQFWLRQ>@
 7LDGKHVLYHFRDWLQJ
 1L XQGHUOD\HU IRU WKH IRUPDWLRQ RI D
PHFKDQLFDOERQGEHWZHHQWKHVROGHUDQGWKH
GLH
 &X RU $J JXDUG RI WKH 1L XQGHUOD\HU
DJDLQVW R[LGDWLRQ GXULQJ WKH VROGHULQJ
SURFHVV RI WKH GLH ,W OHDGV WR WKH





)RU VROGHU DOOR\ WKH &7( GHSHQGV RQ WKH
FRPSRVLWLRQRI WKH VROGHU6HYHUDO VROGHU DOOR\V LQ




$QRWKHU LPSRUWDQW SRLQW WR KLJKOLJKW LV WKDW
























7KH DGGLWLRQ RI 6E LQ 6Q$J&X VROGHU KDV
VHYHUDODGYDQWDJHVRYHU6Q$J
 6ORZ GRZQ WKH JURZWK RI WKH LQWHUPHWDOOLF
FRPSRXQGV&X6Q>@>@ ,QFUHDVH WKH IDWLJXH UHVLVWDQFH RI WKH DOOR\
>@
 6Q6E ,0& ,QWHU0HWDOOLF &RPSRXQG
IRUPDWLRQLQFUHDVHVWKHFUHHSUHVLVWDQFH>@

7KH FKHPLFDO FRPSRVLWLRQ RI WKH OHDGIUHH
VROGHU XVHG DV GLH DWWDFK ZDV QRW H[DFWO\
GHWHUPLQHGGXHWR
 7KH UDSLGGLVVROXWLRQ DQGGLIIXVLRQRI WKH
FRSSHULQWKHVROGHUGXULQJWKHVROGHULQJ




3.3 Molding compound 

7KHPROGLQJFRPSRXQGVDUHFRPSRVHGRID
UHVLQ DQG ILOOHUV 7KH UHVLQ FRXOG EH DQ HSR[\ RU
SKHQROLFUHVLQ7KHVHSRO\PHUVDUHZLGHO\XVHGIRU
VHPLFRQGXFWRU HQFDSVXODWLRQ GXH WR WKHLU
PHFKDQLFDO HOHFWULFDO FKHPLFDO DQG WKHUPDO
SHUIRUPDQFHV>@
7KH PROGLQJ FRPSRXQG FRPSRVLWLRQ
WUDQVODWHVWKHUHVLVWDQFHDJDLQVWPRLVWXUHDEVRUSWLRQ
RIWKHSRZHUGHYLFHV7KHPRLVWXUHDEVRUSWLRQUDWH
LV DQ LPSRUWDQW GDWD WR HYDOXDWH WKH GHYLFH
VXVFHSWLELOLW\ RI IDLOXUH PHFKDQLVP LQ KXPLG
HQYLURQPHQW 7KH ILUVW GDWD DOORZ FODVVLI\LQJ WKH
PROGLQJ FRPSRXQG RI WKH VWXGLHG SDUWV LQ WZR
FDWHJRULHV7DEOH
 /RZ DEVRUSWLRQ PROGLQJ FRPSRXQG /$
$EVRUSWLRQ 9HU\ ORZ DEVRUSWLRQ PROGLQJ FRPSRXQG










7KHUHIRUH WKHUH ZLOO EH D VWXG\ WR
LQYHVWLJDWHWKHPROGLQJFRPSRXQGFKDUDFWHULVWLFVLQ
GHSWK FKHPLFDO FRPSRVLWLRQ PHFKDQLFDO DQG
WKHUPDOSURSHUWLHVPRLVWXUHDEVRUSWLRQUDWH7KHVH
ZLOO DOORZ GHYHORSLQJ D PHWKRG IRU WKH FKHPLFDO
RSHQLQJ RI WKH SODVWLF SDFNDJH DQG WR SHUIRUP D
FRPSOHWH IDLOXUH ULVNV DQDO\VLV RI WKH SRZHU
HOHFWURQLF GHYLFHV IRU ORQJ WHUP VWRUDJH
DSSOLFDWLRQV

4 Synthesis of failure risk analysis 

7KDQNV WR WKHFRQVWUXFWLRQDQDO\VHVDQG WKH
DYDLODEOHOLWHUDWXUHGDWDWKHSRWHQWLDOIDLOXUHPRGHV
DQG PHFKDQLVPV LQ DFFHOHUDWHG DJHLQJ WHVWV ZHUH
HVWDEOLVKHG7KHIDLOXUHULVNDQDO\VLVKDVWDNHQLQWR
DFFRXQWWKHIROORZLQJSRLQWV
§ WKH PDWHULDO PLVPDWFK EHKDYLRU XQGHU KLJK
HQYLURQPHQWDO FRQVWUDLQWV FRHIILFLHQW RI





7KH &276 FRPSRQHQWV DQG PRGXOHV FRXOG
PHHWGLIIHUHQWIDLOXUHPRGHVDQGPHFKDQLVPVXQGHU
VSHFLILF KDUVK HQYLURQPHQWV 7KH KDUVK
HQYLURQPHQWV HQFRXQWHUHG E\ DHURVSDFH DQG
PLOLWDU\ V\VWHPV DUH D KLJK KXPLGLW\ D KLJK
WHPSHUDWXUH WKHUPDO F\FOLQJ DQG FRPELQDWLRQ RI
WKHP
6RPH IDLOXUHPRGHV DQGPHFKDQLVPV FRXOG
EHFUHDWHGGXULQJWKHPLVVLRQRIDHURVSDFHV\VWHPV
7KH WDEOH  SUHVHQWV VHYHUDO IDLOXUH PRGHV DQG
SK\VLFRFKHPLFDOPHFKDQLVPVOLQNHGWRWKHGHYLFH¶V
HOHPHQWVXQGHUWKHDERYHPHQWLRQHGHQYLURQPHQWV
6HYHUDO DFFHOHUDWHG WHVWV KDYH EHHQ GHILQHG
WR UHSURGXFH WKHVH PRGHV DQG SK\VLFRFKHPLFDO
PHFKDQLVPVLQ&276SRZHUGHYLFHV









































5 Accelerated ageing tests considered 











7KH +75% DQG +3(7 WHVWV FRXOG PDWFKVHYHUDO FRQGLWLRQVZLWK D UHYHUVH ELDV RYHUVWUHVV RI
WKH ORQJ WHUP VWRUDJH DSSOLFDWLRQV DQGPDLQWHQDQFH




PHW GXULQJ WKH VROGHULQJ SURFHVV ,Q ORQJ WHUP
VWRUDJHDSSOLFDWLRQV WKHSRZHUGHYLFHVRSHUDWLRQ LV
UHJXODUO\FKHFNHG7KLVSURGXFHVDKLJKWHPSHUDWXUH
HOHYDWLRQ RI WKH GLH DQG FUHDWHV VRPH PHFKDQLFDO




PDWHULDO PROGLQJ FRPSRXQG RU JHO RQ WKH
EUHDNGRZQ YROWDJH DQG WR DOVR FKHFN WKH LQGXFHG
OHDNDJHFXUUHQWHYROXWLRQ
7KH 3& DQG 5&7 WHVWV ZLOO VLPXODWH WKH
SRZHU YDULDWLRQ GXULQJ RSHUDWLQJ OLIHWLPH DQG WKH
WHPSHUDWXUHF\FOHVGXHWRWKHHQYLURQPHQWDOFKDQJHV
UHVSHFWLYHO\
)RU+75%3& DQG5&7 WHVWV WKH GLIIXVLRQ
SKHQRPHQRQRILQWKHPHWDOOLFMRLQWVZLOOEHVWXGLHG
QXFOHDWLRQ FRDOHVFHQFH DQG JURZWK RI ,0&V





,QLWLDO VWHSV WR DFKLHYH WKH UHOLDELOLW\
DVVHVVPHQW RI &276 SRZHU GHYLFHV KDYH EHHQ
PDGH7KHVHVWHSVDUH
 &RQVWUXFWLRQ DQDO\VHV WR LGHQWLI\ WKH
DVVHPEO\ WHFKQRORJLHV DQG PDQXIDFWXULQJ
GHIHFWV
 6ROYLQJ RI VHYHUDO SUREOHPV OLQNHG WR
FRQVWUXFWLRQDQDO\VHVZLWK1'$DQG'$
 6XPPDUL]LQJ RI WKH IDLOXUH ULVNV LQ KDUVK
HQYLURQPHQWV
 &RQVLGHUHG DFFHOHUDWHG DJHLQJ WHVWV WR
UHSURGXFH IDLOXUHPRGHV DQGPHFKDQLVPV RI
&276 SRZHU GHYLFHV LQ HOHFWULFDO DHURVSDFH
HTXLSPHQW
7KH FRQVLGHUHG DFFHOHUDWHG DJHLQJ WHVWV ZLOO




>@ :HLOHXQ )DQJ &KXQ<HQ /R 2Q WKH
WKHUPDO H[SDQVLRQ FRHIILFLHQWV RI WKLQ ILOPV
6HQVRUVDQG$FWXDWRUVS
>@ -RVHSK $OLVRQ .LQJ 0DWHULDOV +DQGERRN
IRU +\EULG 0LFURHOHFWURQLFV (GLWRU 7HOHG\QH
0LFURHOHFWURQLFV /RV $QJHOHV &DOLIRUQLD $UWHFK
KRXVHSXEOLVKHUV
>@ * *KRVK 'LVVROXWLRQ DQG LQWHUIDFLDO
UHDFWLRQV RI WKLQILOP 7L1L$J PHWDOOL]DWLRQV LQ
VROGHU MRLQWV $FWD 0DWHULDOLD Y ,VVXH 
S




>@ .1 6XEUDPDQLDQ /HDGIUHH (OHFWURQLF
6ROGHUV$6SHFLDO,VVXHRIWKH-RXUQDORI0DWHULDOV
LQHOHFWURQLFVS
>@ .DUO - 3XWWOLW] .DWKOHHQ $ 6WDOWHU
+DQGERRN RI /HDG)UHH 6ROGHU 7HFKQRORJ\ IRU
0LFURHOHFWURQLF$VVHPEOLHVS
>@ %/ &KHQ *< /L $Q LQYHVWLJDWLRQ RI
(IIHFWVRI6ERQ WKH ,QWHUPHWDOOLF)RUPDWLRQ LQ6Q
$J&X 6ROGHU -RLQWV ,((( WUDQVDFWLRQV RQ
FRPSRQHQWV DQG SDFNDJLQJ WHFKQRORJLHV YRO
1
>@ +ZD7HQJ /HH 5HOLDELOLW\ RI 6Q±$J±6E
OHDGIUHH VROGHU MRLQWV 0DWHULDOV 6FLHQFH DQG
(QJLQHHULQJ$S
>@ $$ (O'DO\ $= 0RKDPDG $ )DZ]\
$0 (O7DKHU &UHHS EHKDYLRU RI QHDUSHULWHFWLF
6Q±6EVROGHUVFRQWDLQLQJVPDOODPRXQWRI$JDQG
&X 0DWHULDOV 6FLHQFH DQG (QJLQHHULQJ $ 
S
>@ 6 %DGHU: *XVW DQG + +LHEHU 5DSLG
)RUPDWLRQ RI ,QWHUPHWDOOLF &RPSRXQGV E\
,QWHUGLIIXVLRQ LQ WKH &X6Q DQG 1L6Q V\VWHPV
$FWD PHWDOO PDWHU 9RO  1R  SS 

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